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This Chart shows in graphic form how a 
relatively decreasing annual ‘Highway Con- 
struction Expenditure” is sustaining record-high 
“Investment in New Motor Vehicles.” In 1938 
the ratio was sixty-four percent; in 1948 it had 
decreased to thirty-seven percent. 

In general, it is sound economy for the high- 
way to provide the foundation for the entire vast 
automotive industry at a decreasing ratio of ex- 
pense. The Railroad Systems have found that it 
is now primarily for rolling stock, not for road- 
bed, that their capital expenditures must be made. 


This does not mean that highway construc- 
tion expenditures should be small, but rather 
that they should be wise. Savings, potentially 
amounting to billions of dollars, are at stake. 

Highways as they become inadequate in 
any way may be scrapped, but better, they may 
be salvaged. Widening and resurfacing opera- 
tions are already saving and improving thous- 
ands of miles annually. The cost per mile is but 
one-third to one-half of new construction expen- 
ditures. This issue of the Quarterly enlarges upon 
that aspect of highway improvement. 
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EDITORIAL 


The American public is being called upon to carry 
a burden of taxation unequalled in all our history, not 
only in total dollars, but in percentage of national income. 
New demands are made daily and, while many of them 
appear meritorious, it must be evident to all that in the 
near future curtailment somewhere will become a nec- 
essity. Where will it take place and will the procedure 
The Asphalt Institute Quarterly is published by the Asphalt be orderly, or sudden and drastic? 
Institute, a national, non-profit organization sponsored by 
members of the industry for the purpose of promoting inter- 
est in the use of asphaltic products. 


Highways are one facility supported by taxation. They 

are vital to our present existence, but how much do they 

- require for improvement, and are there alternate proce- 

The names of the Member Companies of the Institute, who dures from which one can be chosen which will show 

at eee ess ee ee ee marked economy as compared with others? These ques- 
' ian tions must be answered. 

Bernard EF. Gray, President of The Asphalt Institute Estimates of highway needs ar widely. One recently 


Senest BA. Bristol, Director of Public Melalons made is predicated upon a so- -called study of pavement life, 
in which it is concluded that this ranges from seven to 
twenty-eight years. When carefully analyzed by the skilled 
highway engineer, with due allowance for averages, 
appropriate conclusions may be drawn, but for the general 
public it is quite misleading, and misuse of this report 
already has been a positive dis-service to correct under- 

CONTENTS standing. The impression is given that the entire road 

system must be renewed, whereas in most instances better- 

Chart of Annual Capital Expenditures for ment of existing facilities, plus normal maintenance, will 

Motor Vehicles and Highways .. . . . Page provide needed improvements with only small mileage 
Highways, Today and Tomorrow . ae requiring complete replacement. . 


Highway Salvage in Delaware has . Page The problem then, is to determine the degree in which 
Saving and Improving Mid-Western Pavements Page ! each highway is inadequate and then to improve those 
California Transforms Thirty Foot Road portions that are deficient. A recent twenty-five mile 

for Super Highway Service . . . . Page project illustrates this wide variation in estimates. The 
A. Highway Iegeovemen Project ia Tens. . . Page first report called for an entirely new location because 
hinindioninn Cntiebliesiataign ta: binlids ot there were many steep hills and dangerous curves. More 

Seaciician Gonsaiines ore er ae a _ careful study, however, indicated that these hills and 
curves were concentrated in four rather limited areas. 
After a re-survey it was found possible to retain eighteen 
miles of the old road with only seven miles of re-location, 
thus saving several million dollars over the first plan, 


Articles may be freely reprinted with credit line, Corre- yet without sacrifice of any real needs. 
spondence should be addressed to the mage Institute 


OQuarteriy, 901 Secoad Avenue, New York 17, N. Y. The present system is the product of much work and 
: planning, yet it has been built in a rather short time. In 
1925, there were 20,000,000 motor vehicles in the United 
States and about 70,000 miles of paved roads on the State 
and other rural systems. In 1950, there are approximately 
45,000,000 motor vehicles and the 70,000 paved miles has 
COVER grown to 450,000. A new highway system has been 
created. Moreover, during this twenty-five year period 
Featured on the double there were developed the road-building tools, which today 
cover is a view of U. S. 
Recs 00 Gecciaen Ee. have such great efficiency compared with hand-labor 
bing and Virginia in Min- methods of a quarter of a century ago, and which will 


nesota. Formerly a narrow, make future rehabilitation so much quicker and easier. 
rigid-type pavement, a 


four foot widening, a flex- This improvement can be accomplished in a large 
ible-type granular base, measure through skillful use of maintenance. New con- 
and an over-all three inch struction costs, though they must be large, are already 
resurfacing with asphaltic J ly d h he chi 

cutee: Unis anal te om relatively decreasing, as shown on the chart on opposite 
tirely adequate. This pave- page. It is the fashion at the moment, however, to com- 
ment is located in the Iron plain that so much money is expended for maintenance. 
Range, where it is sub- What of it? Eventually, as any system reaches full devel- 


jected to exceptionally 
heavy truck hauling opment, all new money will be expended for maintenance. 
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This issue of Quarterly is devoted to a description 
of some of the ways and means by which a number of 
states are making their highway dollars go further, thus 

Wate quantile. chess Seemeen on talntaihs siisuiition ‘aiaiiile holding taxation to a minimum, yet providing a better 
between the vast annual capital expenditures for motor ve- and safer system with each passing year. 
hicles and for roads. It does not include maintenance charges, 


nor the tremendous costs of vehicles and roads previously 
existing. 





HIGHWAYS- 
TODAY and 


TOMORROW 


Resurfacing is a general policy in New York 


Highways are a utility, and like every 
other utility should be fashioned to serve 
the purpose and no more. Arguments are 
advanced sometimes to prove that large new 
expenditures are justified, because of sav- 
ings to be secured through more efficient 
motor vehicle operation. To a certain de- 
gree this is true, but the major part of such 
potential saving is obtained when an all- 
weather surface is secured, free from dust 
and mud. This often may be accomplished 
by a simple surface treatment and, until 
traffic reaches a volume where increased 
maintenance will permit capitalization of a 
heavier pavement, there is no dollars-and- 
cents gain by making a change. It thus is a 
waste of funds to overbuild any highway, 
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State. Troffic uses asphaltic concrete, as soon as cooled. 


and funds can be wasted on a main route 
just as easily as on a back country road. 


TODAY’S CONGESTION 


Probably the greatest single cause of con- 
gestion today is the out-of-balance size re- 
lationship between the highways and the 
vehicles which traverse them. During the 
war, highways were generally neglected, 
receiving but the barest minimum of main- 
tenance and few betterments. Motor vehicle 
design, however, was developed greatly dur- 
ing the same period, with production now 
not only in larger numbers than ever be- 
fore, but the cars and trucks themselves are 
wider and longer. 

The present highways were built origin- 


(Province of Quebec) 


ally for smaller vehicles, also travelling at 
lower speeds. Now, partly because of war- 
time delay, nearly one-half of all state roads 
are still only 18 feet (or less) while but a 
very small percent are over 20 feet wide. 
Under these conditions, the modern car 
simply does not have enough room in which 
to maneuver, either latera!ly or longitudi- 
nally. How much more, then, is required? 
It is a matter of record that when existing 
roads are widened to from 22 to 24 feet 
and resurfaced, they can carry comfortably 
and safely several hundred vehicles per 
hour, and it is illuminating to note what a 
small percentage of all highways (even 
state highways) carry as many as even sev- 
eral hundred vehicles per day. Inasmuch as 
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widening can be accomplished for but a 


small fraction of the amount required to 
build an entirely new pavement, it is ap- 
parent that such procedure should be fol- 
lowed on a much greater scale than pres- 


ently is the case. 


PRACTICAL MODERNIZATION 


Perhaps it is this modernization opera- 
tion that is intended when statements are 
made to the effect that the existing roads 
are obsolete and that in another ten years 
all of them will require replacement, be- 
cause, except for a very limited mileage 
adjacent to cities and in certain of the great 
industrial centers, complete replacement is 
neither required nor is it desirable. There 
are thousands of miles of present roads 
which are capable of taking traffic indefi- 
nitely, with minimum maintenance, that ac- 
tually are already composite structures, em- 
bodying in their lower courses, gravel, maca- 
dam, brick and block, which were first 
placed 20, 30, and even 50 years ago. These 
foundations are beyond price. Not only do 
they represent an investment of billions of 
dollars, but into their building went the 
age-old accumulated deposits of easily avail- 


able aggregates now so largely exhausted. 


Of course all the deficiencies in these 
older roads may not be corrected one hun- 
dred percent simply by widening to 24 feet. 
There is the matter of sight distance on 
even such a pavement when traversing roll- 
ing or mountainous country. The need, how- 
ever, can be met by building a third lane 
on the upgrades so that slow moving vehi- 
cles can move over. This is a special kind of 
widening and, with appropriate lane mark- 
ing, will provide safe and efficient highway 
operation. Where traffic volume is heavy, 


widening to four lanes, over the hills where 


sight distance is deficient, will be the solu- 


tion. 


Then there is often the possibility of 
making the present road a one-way road for 
a mile or so and building a new road 
roughly parallel thereto for traffic in the 
opposite direction. Such improvement is ef- 
fective, particularly at river crossings where 
the existing bridge is strong enough but 
not sufficiently wide for safe two-way traffic. 
Such skillful engineering utilizes existing 
facilities to the maximum possible extent, 
holding new construction to a minimum, 
with no traffic delays while the improve- 
ment is underway, yet obtaining as a final 
result all the benefits that possibly could 
be derived from an entirely new dual high- 
way to be built at two or three times the 


cost, 


By several procedures of introducing extra 
width or short sections of new highways at 
intervals, on even the most heavily trav- 
cl'ed routes, it would be possible to eliminate 
rather soon the long processions of cars 
and trucks now so frequently encountered. 
Further, this widening procedure accom- 
plishes something else, that is reduction of 
harmful effect from heavy loading. The im- 
provement in pavement behavior where rep- 
etition of load is spread over the wider 
area of a 24-foot width as compared to the 
strip less than 2 feet wide on an 18-foot 
pavement, is most marked, and far more 
efficient than gained through increasing 
pavement thickness alone. By such a plan, 
thousands of miles can be brought up-to- 
date as compared to only a few hundred if 
complete replacement is the rule. Perhaps, 
also, in this atomic age, it may be just as 
well to have a lot of roads over which traf- 


fic may be widely dispersed, rather than 









placing so much concentration on a few 


super highways that are vulnerable indeed. 


IMPROVED EQUIPMENT 


Emphasizing the merit of a betterment 
program as contrasted with entire replace- 
ment raises a fair question; if this is so 
simple, why hasn't it been done before on 
a large scale — and the right answer per- 
haps is that only in recent years has equip- 
ment become available which will do the 
job so quickly and at such low cost. Re- 
moval of the old earth shoulder was for- 
merly accomplished by hand-labor, or at best 
was a rather crude blade-grader operation, 
the subgrade being so disturbed that the 
widened pavement often settled. Moreover, 
traffic was stopped for long intervals while 


hand work was underway. 


Today, there are mechanical trenching 
tools which excavate neatly to the exact 
width desired, and pile the dirt so removed 
on the side away from traffic. Then there 
are hopper attachments for trucks, so that 
the material for widening the base, whether 
stone, gravel, or asphalt mixtures, may be 
placed in the trench exactly in the amount 
and thickness required. Special built rollers, * 
made to operate in narrow places, are avail- 
able which produce the same compaction 
as that obtained under standard type rollers. 
Thus it is possible to widen one side of the 
road at a time, with minimum interference 
to traffic. Similarly in the resurfacing, one- 
half the roadway is done at a time, and 
the new asphalt pavement can be travelled 
over as soon as it has cooled, which is but 
a matter of minutes. Thus the ingenuity of 
the manuiacturer and the engineer are pro- 
viding the needed tools to produce the 
highways of tomorrow, by taking full ad- 


vantage of the investment of the past. 





UA 










U. S. 


AN) 9 


On Delaware's 3900-mile highway sys- 


tem, primary and secondary roads account 
for about forty per cent of the mileage and 
local roads the remaining sixty. Of the im- 
proved forty per cent, however, only about 
one-third are of adequate width and _ sur- 
face type. To prevent obsolescence a very 
large amount of reconstruction is needed 
and, with funds limited, the widening and 
resurfacing of the existing highways is an 
economically sound procedure. 

It seems logical to question if our high- 
way system will reach the point where we 
can say it is adequate for the traffic at all 
times, since we are limited in funds and 
also the facilities required to carry out re- 
construction that will keep our highways 
100% adequate. Thus, the economic re- 
habilitation of our existing highways by 
widening and resurfacing appears to be 
one method whereby we can continue the 
satisfactory use of our highway transporta- 


tron system. 


WHEN TO RESURFACE 


Probably the most important factor to 
consider in the salvaging of any pavement 
is when to resurface. If resurfacing is de- 
layed beyond a certain point the cost rises 
rapidly. One thing is certain, a pavement 
should not be allowed to deteriorate to 


This is an authorized condensed version of the paper, entitled: 
“Economic Rehabilitation of Existing Highways,” in which at the 
Meeting of the Assoc. of Highway Officials of the North Atlantic 
States, in New York City, February 23, M. Allan Wilson, Chief 
Engineer, Delaware State Highway Department, ably presented the 
construction methods and economic philosophy adopted by that 
state in coping with the heavy traffic of the industrial East. 













such an extent that it loses its value as a 
base for any subsequent resurfacing. Of 
course, the maintenance costs are an im- 
portant factor and a rapid rise in the 
maintenance costs of any section of high- 
way is a certain indication that something 
needs to be done. No absolute rule has 
been followed or established in Delaware. 
Each case has been judged on its own 
merits after the Division and Staff engi- 
neers have made their inspection. 

To date our method of deciding where 
and when to resurface, based on engineer- 
ing judgment, has been successful because 
we have tried to keep before us the words 
of A. M. Wellington, one of the outstand- 
ing engineers of the nineteenth century 
who wrote in his monumental work, The 
Economic Theory of Railway Engineering, 
“The Engineer's true function and excuse 
for being, as an engineer as distinguished 
from a skilled workman, begins and ends 
in comprehending and striking a just bal- 
ance between topographical possibilities, 
first cost, and future revenue and operating 
expenses.” 

Several states in the country, Arizona, 
Colorado, and Connecticut to name a few, 
have set up a so called “Sufficiency Rating 
Index” for the highways in their respective 
states. Following ideas and suggestions 


Route 13 in Delaware, near Odessa, as it appeared in 1940. Same location after 


Vay 


widening and 


which were developed and carried out by 
these states, and following additional pro- 
cedures set up by the Bureau of Public 
Roads in a pilot study of a similar nature 
in Delaware, the State Highway Depart- 
ment is now proceeding with a study of 
our highways in order to obtain the in- 


formation which is so urgently needed. 


The objective of this study is to provide 
a numerical rating for each section of the 
roadway, on the basis of a total of 100 
points, allocating 40 for Condition, 30 for 
Safety and 30 for Service. Each element is 
further divided into sub-elements for more 
detailed evaluation. For example, Condition 
consists of an evaluation of the type, de- 
pending on the traffic volume carried by 
the road, thickness, surface condition, 
drainage, remaining life, and maintenance 
economy. The Safety element is divided 
into subheadings of shoulder and surface 
widths, stopping sight distances and align- 
ment. Service is broken down to show 
horizontal curvature, passing opportunity, 


surface width and riding qualities. 


SELECTION OF TYPE 


Delaware has engaged in a rather ex- 
tensive program of widening, and then re- 
surfacing with bituminous concrete, since 
1937 and especially since the war years. 
This type of construction has many ad- 
vantages which have been partially respon- 
sible for its increased use and adoption. 
The major advantages may be enumerated 
as follows: (1) It is not necessary to in- 
convenience the traveling public by clos- 
ing the road to traffic; (2) the new width 
of pavement is ready for almost immediate 
use; and (3) it is possible to complete 
within a short time an extensive mileage of 
roadway, with improved riding and safety 
qualities. 


The type of bituminous resurfacing plays 


resurfacing with asphaltic concrete. 
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an important part in determining the life 
rectancy and the economic soundness of 





a rehabilitation project. Crack surveys, 
laboratory tests and personal field observa- 
tions indicate that hot-mix asphaltic con- 
crete is the most satisfactory type of mix. 
Open graded cold mixes tend to become 
brittle, ravel slightly, corrugate and per- 
mit the entrance of surface water into the 
o'd cracked and worn pavement. More than 
any other single factor, the high perme- 
ability of open graded mixes with the con- 
sequent damage to the already worn con- 
crete pavement and subgrade has caused us 


to specify a more and more dense mix. 


Design practice in Delaware originally 
started with resurfacing in two courses 
making an average thickness of 2 inches. 
More recently the trend has been toward 
thicker surfaces. The present practice calls 
for a thickness of 3” or more, depending 
on the condition of the old pavement, and 
on whether or not substantial strengthen- 
ing of the pavement is needed. In extreme 
cases 4” of bituminous concrete has been 
used to compensate for very weak bases. 
In resurfacing, the bituminous concrete is 
placed in two or more courses depending 
on the strength required and the condition 
of the existing surface. Current practice 
calls for a binder course of 13/4,” thickness 
with a top or surface course of 114" giving 


a compacted mat of hot mix 3” thick. 


CONSTRUCTION PROCEDURE 


Regardless of the type of resurfacing 
material selected, preparation of the road 
surface to receive resurfacing is a feature 
too often omitted. Careful preparation of 
wood surface prior to painting, for ex- 
ample, are all such fundamental steps for 
successful work that it is curious that need 
for similar care has been so frequently 
overlooked. Any fat or bleeding bituminous 
patch on the old pavement should be re- 
moved. All unsealed transverse cracks and 
minor longitudinal cracks are sealed with 
85-100 penetration crack filler. Also, major 
cracks are filled with a grout mixture. 


After priming the old surface with an 





asphaltic tack coat applied at the rate of 
approximately 0.1 gallon per square yard, 
spreading of bituminous concrete material 
is accomplished with self powered pavers 
capable of spreading to line and grade 
without the use of side forms. Ordinari'y 
the resurfacing is performed with traffic 
main:ained. On two lane pavements we 
require that one way traffic be maintained 
with the length of such one-way zones 
being kept to a minimum. Also, it is re- 
quired that flagmen be used to direct 
traffic where one-way traffic is necessary. 
Ordinarily less confusion to traffic results 
if the paver is operated toward the p!ant. 


Normally the surfacing material is 
placed in single lane widths with the re- 
quirement that the longitudinal joints in 
the courses be offset approximately 6" from 
the one below. This requirement is to 
avoid the possibility of a plane of weak- 
ness being formed. The longitudinal joint 
on the top course is located on the center- 


line of a two-lane pavement. 


Rolling requirements are such that at 
least two rollers are required at all times. 
One of these must be an 8 to 10 ton tan- 
dem roller while the other a 10 to 12 ton 
4 wheel roller. However, the latter may be, 
and generally is, replaced by a 10 ton 
tandem upon permission of the Engineer. 
In addition, another 10-12 tandem roller 
is specified when the rate of application of 
material exceeds 40 tons per hour per inch 
ot thickness. 


ENGINEERING AND LABORATORY 
CONTROL 


In order to obtain first class jobs, skillful 
engineering and laboratory control during 
construction is a necessity. The minimum 
engineering organization required in Dela- 
ware is a project engineer or inspector 
who supervises the laying of the hot mix 
and other incidental work on the road; a 
field inspector who also doubles as a 
checker and takes tickets from the truck 
drivers and checks the quantities delivered 
to the project; a plant inspector and two 


assistants who control the manufacture of 
the bituminous concrete. 


Our plant inspectors do not just watch 
weights and check temperatures. They 
must be capable of running screen analyses 
and combining bin samples into the most 
efficient batch weights that will yield the 
desired product. Neither operation of the 
plant nor necessary mix changes can be 
delayed while waiting for a laboratory 
report. For this purpose each plant is pro- 
vided with its own small properly equipped * 
laboratory. 


SALVAGE IS ESSENTIAL 


The cost of hot-mix bituminous concrete 
varies, as would be expected, with the 
price of materials and the length of haul. 
Based on 1948 contract prices a brand 
new rural road, 24 feet wide properly de- 
signed now costs approximately $150,000 
rer mile to build. However, to resurface a 
worn-out rural road, 24 feet wide with bi- 
tuminous concrete —the familiar smooth 
“black-top” — costs less than a third of 
this amount. 


We, in Delaware, believe that the 
method of resurfacing we have discussed 
has proved advantageous in preserving and 
salvaging pavements in various stages of 
deterioration. The demands for highway 
improvements in Delaware have reached a 
point where our finances will not permit 
reconstruction as rapidly as traffic demands. 
Consequently, it is necessary for us to con- 
sider rehabilitation rather than reconstruc- 
tion, particularly in view of the fact that 
rehabilitation can be accomplished at ap- 
proximately one-half to one-third the cost 
of reconstruction. 


It is our opinion that with the rapid 
increase in traffic and the demand for more 
dual and divided highways the only way 
the State Highway System can be preserved 
is by economic rehabilitation of our exist- 
ing highways. Thus, the present answer to 
our problem seems to lie in the maximum 
salvage of our present roadways by resur- 
facing. 








An old rigid type pavement, Highway 
Wisconsin. 








No. 29 in Clark County, 
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The same location, showing the 3-inch resurfacing of asphaltic concrete, placed in 1949, 





rte tate Highway 


SAVING AND IMPROVING MID-WESTERN PAVEMENTS 


TYPES OF RESURFACING 
Asphalt Mid-West 
may be classified under the four general 


resurfacing in the 


headings of surface treatments, road-mix, 
hot-mix and composite types. For the last- 
named, granular lifts are constructed over 
the old rigid type slab before placing the 
hot-mix asphaltic resurfacing. 

The surface treatment types are con- 
structed as doub!e or triple surface treat- 
ments, ranging in thickness from 34 to 1 
inch. They are frequently used where “‘scal- 
ing” or other objectionable blemishes are 
progressing on the surface of the rigid 
slab. Where this type of resurfacing is used 
the old pavement should still be fairly 
smooth and in good repair. 

Road-mix type resurfacing, from 1'/2 to 
24% inches in thickness, is used where 
projects are so small that they do not 
justify the added costs for moving in a hot- 
mix asphalt plant. It is generally restricted 
to use where the old rigid slab is in fair 
condition, with but few maintenance 
patches. 

Hot-mix asphaltic resurfacing, varying in 
thickness from 2 to 6 inches, is used chiefly 
where the old rigid slab is in a poor or 
critical condition, rough or where excessive 
“pumping” or internal disintegration has 


occurred. Hot-mix asphalt concrete is used 
chiefly in this type of construction because 


of its high resistance to displacement under 
traffic, but sheet asphalt has been used to 
some extent where good sand is cheaply 
available. 

The composite type of resurfacing, which 
requires a granular lift or base, is used 
where it is desired to correct low grades, 
badly, 


where the old slab is in a critical condi- 


where the subgrade has settled 
tion, where rocking slabs are encountered, 
where maintenance patches of questionable 
stability are so numerous that it would be 
uneconomical to remove them or where 
there is some question as to whether the 
old pavement shou'd be entirely replaced. 
The thickness most frequently used for a 
granular lift is 6 inches with 3 inches for 
concrete surface 


the hot-mix asphaltic 


course. 


PREPARING BASE 


Most asphalt 
structed today is the hot-mix asphaltic con- 


resurfacing being con- 
crete type, where resurfacing is placed di- 
rectly upon the old slab. Before placing the 
resurfacing, however, it is essential that 
all cavities under the slab (which develop 
chiefly from “pumping”) be corrected by 
undersealing, and all rocking slabs and 
maintenance patches of questionable stabil- 
ity be removed and replaced with suitable 
patching material to at least the full depth 
of the old slab. 


For undersea‘ing, a number of states in- 
cluding Ohio, Texas, Missouri, and Illinois 
are using an asphalt cement having a high 
softening point (185°F. or more) and low 
penetration, both for economy and the ex- 
cellent results obtained. Asphaltic concrete 
is being used extensively also as a base 
patching material, since its cost per unit o! 
volume is about the same as other suitable 
base materials while, in addition, all exca- 
vations may be filled and used during the 
same day, thus eliminating extra costs for 
numerous barricades and lights, and with 
minimum restraint to traffic. 


Where old pavements contain wide cracks 
or joints which have been filled with asphalt 
such material should be removed and re- 
placed with a fine graded asphaltic mortar 
mixture. Where patches are in place con- 
taining an excess percentage of asphalt they 
should be removed before resurfacing. If 
such maintenance mixtures are stable and 
contain about the optimum percentage of 
asphalt however, it is not necessary to re- 


move them. 


WIDENING EXISTING PAVEMENTS 


Many of our pavements now in need of 
reconditioning are also too narrow for mod- 
ern trafic. Even on the primary State Sys- 
tems of this area there are many miles of 


pavement having widths of only 16 to 20 
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feet. Minimum pavement widths of at least 
22 to 24 feet are today required, depending 
upon the volume of traffic. Consequently in 
modernizing an old pavement, widening to 
a satisfactory width before it is resurfaced 
is also essential. 

Ohio was one of the first states to in- 
vestigate the use of asphaltic concrete for 
widening old pavements before resurfacing 
them. There, both for its low cost and re- 
sistance to the development of a longitud- 
inal crack in an asphaltic resurfacing ad- 
jacent to the junction of the widening and 
old pavement, asphaltic concrete base mate- 
rial has been approved in widening and re- 
surfacing design. lowa and Missouri now 
are using similar designs for asphaltic base 
widening. 

Minnesota on much of its resurfacing re- 
quires a 6-inch granular lift over the o'd 
slab before it is resurfaced with a 3-inch 
course of asphaltic concrete. Where a pave- 
ment is widened the granular base widening 
extends to the ditch with a total thickness 
of 18 inches, including the granular lift. 
Wisconsin frequently uses an 8 or 9-inch 
granular lift over an old slab and it also 
extends to the ditch. On the widened pave- 
ment section a 3-inch resurfacing extends 2 
feet over the widened portion of the gran- 
ular lift. 

As all these variable designs of base wid- 
ening are giving satisfactory results, it is 
evident that the type of base widening to 
use depends upon the cost for the various 
materials. For example, where aggregates 
are exceptionally cheap, granu'ar base wid- 
ening constructed in combination with gran- 
ular lifts should be used in a resurfacing pro- 
gram, while where aggregates are expensive, 
asphaltic concrete base widening should be 


the choice. 


ECONOMY IN COST AND MAINTENANCE 


Prevailing costs for hot-mix asphaltic 
concrete resurfacing vary considerably and, 
in states where projects are small, costs 
generally are higher than where jobs are of 
sufficient size to reduce the overhead ex- 
pense average. Current costs, available from 
seventeen states, located from Coast to 
Coast and from the Canadian Border to the 
Gulf, average from $3.42 to $7.85 per ton. 

In most instances it has been proven that 


resurfacing an old rigid type pavement is 


project was resurfaced in 1947 with a 


heavy duty highways of the region, and it 
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economical and extends its life for many 
years. For example, on a principal east and 


west route in one mid-west state, a 5-mile 
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inch asphaltic concrete surface at a cost of 
$20,000 per mile. This cost included a 
9-inch crushed stone base widening con- 
structed 3 feet wide on each side of the 
slab. The annual maintenance costs on this 
project before and after resurfacing are 
shown in striking contrast at right. 

On an adjacent section, which has not 
been resurfaced, the maintenance costs (in- 
cluding much patching) during 1948 were 
$3,500 per mile and during 1949 were 
$7,000 per mile. This route is one of the 
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is evident that resurfacing over the entire 
length of this old pavement would be a 
profitable procedure, as the saving in main- 
tenance alone would more than finance the 
entire cost of improvement within a very 
few years. 


BEFORE: OLD RIGID TYPE 


per mile 

1944 Annual Maintenance Cost........ $1,066. 

1945 Annual Maintenance Cost........ 911. 

1946 Annual Maintenance Cost........ 942. 
AFTER: ASPHALTIC CONCRETE 

1947 Annual Maintenance Cost........ 149. 


1948 Annual Maintenance Cost........ 












CALIFORNIA TRANSFORMS 
THIRTY FOOT ROAD FOR 
SUPER HIGHWAY SERVICE 


Fast-growing Los Angeles, with section after section cur- 



























rently passing from suburban to urban, is fortunate in that 
many of the suburban roads requiring improvement can 
still be widened substantially. A recent example, in which 
full advantage was taken of this possibility, is the 5.9 miles 
project, transforming the Lakewood-Rosemead Boulevard 
from an inadequate thirty feet to a full divided highway 
width of approximately seventy-five feet. 

eod 8 The widening and resurfacing work on this boulevard, 
Lakewood-Rose™ completed in 1949, was carried out on a scale in keeping 
with the requirements of very heavy traffic. The vehicle 
count on Sunday, July 17th, 1949 was 30,470; on Monday, 
the 18th, 20,611, approximately 20% heavy trucks. 


IMPROVEMENT DETAILS 

The original thirty-foot asphaltic concrete pavement of 
three ten-foot lanes was improved by widening and then 
resurfacing into an asphaltic concrete super-highway of 
four twelve-foot traffic lanes, with a four-foot median 
strip, and outside paved shoulders of from six to twelve 
feet. 

The widened portions were paved with four inches of a 
hot asphalt plant-mix on an eight inch rock base and from 
zero to one foot of imported subgrade material. The 
asphalt used was 120 to 150 penetration. The old pavement 
was resurfaced with hot plant-mix, with a variable thickness 
of two to four inches in accordance with desired crown. 
A thin asphalt plant-mix paving was placed on the central 
dividing strip. 


QUANTITIES AND UNIT COSTS 


The quantities and costs of principal items were as 


follows: 
41,000 cubic yards roadway excavation at 53¢ 
23,000 tons imported subbase material at 80, 
64,000 tons untreated rock base at $1.25 


49,000 tons asphalt plant-mix surfacing (hot) at..$4.15 


1 Completed rock base ready for surfacing, 3 Placement of hot asphalt plant-mix sur- 
except for priming. facing. 
10 2 Applying asphalt prime coat in advance Thin asphalt plant-mix paving on central 
of asphalt plant-mix. 4 dividing strip. 
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Highways in Texas, before World War I, seldom carried 
vehicles with gross weights exceeding twenty thousand 
pounds. Heavy war-time truck transportation requiring that 
the load limit be increased, the maximum gross load with- 
out special permit was then set at forty-eight thousand 
pounds. Soon after this increase, many pavements began to 
fail badly. 


In 1946, the twenty foot rigid type pavement on U. S. 80 
cast Of Marshall, was showing signs of distress and, to 
eliminate subgrade pumping, this and other sections of this 
highway in the vicinity of Marshall were under sealed with 
a high melting point asphalt in the Spring of 1947. Con- 
siderable scaling occurred the following winter immediately 
after a severe frost. 

Late in 1949, the increasing traffic of the past few years 
on the section immediately east of Marshall was approach- 
ing four thousand vehicles per day. To afford a_ better 
traffic facility and obtain the maximum salvage value from 
the existing rigid type, it was then decided to strengthen 
the present pavement and widen out to a finished roadway 


width of twenty-four feet — all of asphaltic concrete. 


CONSTRUCTION PROCEDURE 

The widening was performed by placing a 10” thickness 
hot-mix asphaltic concrete base widening section on one 
side of the existing pavemeny, and resurfacing the entire 
width of old pavement and new base with a 4” hot-mix 
asphaltic concrete surface. Before excavating for the base 
widening, the existing iron ore shoulder material was sal- 
vaged by state maintenance forces for replacement upon 


completion of the widening and resurfacing work. 


The hot-mix asphaltic concrete used for base widening 
was composed of a dense graded mixture, of which 97% 
to 100% passed a 2” round screen. The mixture was placed 
without forms in courses of equal thickness, with each suc- 
cessive course being ‘stepped in” the thickness of the course 
to form a theoretical 1:1 slope. The mixture was spread 
with an all-purpose trench spreader and compaction was 
obtained with a trench type roller and a conventional type 
tandem roller. 

The surface course mixture was composed of a dense 


3 
‘ 


graded aggregate of which 97% to 100% passed a 
round screen. The asphaltic concrete surfacing material was 
laid in two courses, the first being 2!4” and the second 
11/,” in thickness. The asphaltic binder used in the base and 


surface course mixes was 85-100 penetration asphalt cement. 


HOT-MIX ASPHALTIC CONCRETE WIDENING AND RESUR- 
FACING U. S. HIGHWAY 80 EAST OF MARSHALL, TEXAS 


HALF-SECTION OF ALL WIDENING ON ONE SIDE 













Front view of all-purpose spreader placing second 
course of asphaltic concrete widening. 


2 Both tandem and trench type rollers used for com- 
pacting asphaltic concrete widening. 


3 Close-up view of trench roller compacting asphaltic 
concrete, immediately adjacent to old rigid pavement. 
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U. S. 52 near Indianapolis. Formerly a narrow macadam road; in 1925 widened 
and resurfaced with penetration macadam; in 1941 surfaced with an asphalt hot- 
mix, intended only as a binder course, but the road is still in excellent condition. 


Important Considerations in Widening 
and Resurfacing Operations 


Any existing pavement may be widened 
and resurfaced. The details of procedure 
vary somewhat according to the kind of old 
pavement, particularly whether of the flex- 
ible or rigid type. Rigid pavements include 
not only portland cement, but also various 
kinds of brick and block pavements which 
are on a rigid base. Flexible pavements in- 
clude waterbound and penetration mac- 
adam, gravel, slag, and stone foundations, 
as well as old bituminous surfaces of var- 
ious kinds. Careful analysis of surface be- 
havior will indicate the improvement re- 
quired. In many cases, widening, followed 
by the minimum thickness of new surfac- 
ing that will take out irregularities, is suf- 
ficient. In others, the roads are too thin for 
modern traffic yet have considerable sup- 


porting power, which only needs augment- 


ing by an additional layer of asphalt sur- 
face. 

Where a pavement is deficient in sup- 
porting power this lack in structural 
strength is evidenced by a_ progressive 
breakdown, resulting in holes and pattern 
cracking in flexible pavements, or reduc- 
tion of the slab to small blocks in the case 
of rigid pavements. In these situations, 
there are two possible procedures. The first 
is to place a number of layers of asphaltic 
concrete to produce a total thickness of 
new pavement adequate to carry traffic, 
which is economical up to a maximum of 
four or five inches depth. Sub-sealing with 
a high melting point asphalt cement is de- 
sirable in such situations prior to resur- 
facing. 

In the second case, where considerable 


additional strength is required because of 
the badly broken condition of the old pave- 
ment, it usually is more economical to place 
a composite resurfacing, consisting of a 
base course of gravel or macadam, followed 
by a wearing course of asphaltic concrete 
three inches in thickness. A survey of the 
primary road system has indicated that in 
no instance has it been necessary to plac 
such new base courses in depths greater 
than eight inches, while as a ru'e, five or 


six inches is ample. 


DETERMINING [MPROVEMENT REQUIRED 


The kind of widening required, previous 
to resurfacing, depends upon the subgrade 
conditions. Where the subgrade is clay, the 
widened area should be excavated to a 
depth slightly below the old pavement, 
and bleeder drains should be cut through 
the new shoulder so that drainage from 
under the old pavement and the widened 
section will be assured. For clay subgrades, 
it is usually economical to construct the 
widened area with granular materials in 
the bottom and asphaltic concrete or asphalt 
macadam for the top because of the greater 
thickness needed. In some instances, fine 
graded material such as selected soil, iron 
ore, limerock, caliche, or other local prod- 
uct may be employed. 

Placement of an insulation course of fine 
graded materials, such as stone screenings, 
directly upon the subgrade, has great value 
These are easily spread and permit accurate 
levelling of the subgrade to correct profile 
Moreover, they will absorb excess moisture 
from the subgrade and can be compacted to 
a very firm condition, thus providing 
proper reaction under subsequent rolling 
This makes it possible for base, whether of 
aggregates or asphalt mixtures, to be thor- 
oughly consolidated so that subsequent 
settlement of the widened area will not 
take place. Under no circumstances should 
coarse size aggregate be dumped directly 


lay 


upon the clay subgrade, because the « 
will be forced up into the voids and pre 
vent full development of the potential 


strength of the aggregates placed. 


PRE-CONDITIONING OLD SURFACE 


Where asphaltic concrete is to be placed 
directly upon an old pavement, pre-condi- 


tion of the existing surface is all important. 
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Bituminous patches, either on portland 
cement or bituminous surfaces, which are 
over-rich, are almost certain to be reflected 
through the new surface, and consequently, 
should be either removed or “burned.” In 
rigid pavements, joint filler should be raked 
out to a depth of from one to one and one- 
half inches, thus preventing intrusion into 
the resurfacing under temperature changes, 
and excess crack filler spilled on the pave- 
ment should be scraped or burned away. 
Special tools are available for doing this 
work rapidly and efficiently. 

Broken areas in old surface, including 
cracks and joints, then should be patched, 
using a fine-graded mix for the purpose. 
Previously, it was often the custom to use 
a coarse binder for patching and levelling 
operations, but experience has demonstrated 
that a sheet asphalt mix or a fine-graded 
asphaltic concrete is much better, because 
of ability to fill shallow depressions and 
joints in such fashion as to permit feather- 
edging to more nearly a proper contour. In 
some instances it is even believed — and 
there is much data to support the practice 

that the fine-graded mix should be 
p'aced as the lower (binder) course, and 
the coarse-graded mix used for the wearing 
surface. By following such procedure, not 
only is a very tight bond obtained between 
the old pavement and the new, so that en- 
try of water between layers is prevented, 
but a high stability wearing course is ac- 
complished having a coarser surface texture. 

Prior to placing this so-called binder 
course, the surface of the old road should 
be primed (often called a tack coat), using 
a rapid setting liquid asphaltic material. A 
light application only is required, not much 
exceeding 0.15 gallon per square yard, de- 
pending upon the dryness and dust condi- 
tion of the old surface. Where the old road 
has a bituminous surface which is fairly 
rich, the primer may be omitted as the 
hot-mix resurfacing will bond readily with 
it. Where the old road is portland cement, 
brick, or where the old bituminous surface 
is hard and dry, the treatment is essential. 


PLACING ASPHALTIC CONCRETE 


The asphaltic concrete always should be 
placed in two or more layers. It is a mis- 
take to attempt to place the entire thick- 


ness in one spreading. Even a two-inch sur- 







OHIO — TYPICAL CROSS-SECTIONS 
WIDENING AND RESURFACING 


ASPHALT MACADAM FOR HEAVY TRAFFIC 4p 


EXISTING MACADAM PAVEMENT 





3” Asphalt Penetration Macadam Surface Course. 
Asphalt Prime Coat using 0.35 gals. per square yard. 
4” Waterbound Macadam. Second Base Widening. 
5” Granulated Slag. First base widening. 


ASPHALTIC CONCRETE OVER RIGID TYPE FOR HEAVY TRAFFIC Spe 
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1%,” Asphaltic Concrete Surface Course. 

1%” minimum Asphaltic Concrete Leveling Course. 
Asphalt Tack Coat. 

Asphalt Seal. 

3” Asphaltic Concrete Level up Widening Course. 
4” Second Base Widening Macadam. 


4” First Base Widening Macadam. 


ASPHALT MACADAM FOR MEDIUM TRAFFIC <p 
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EXISTING MACADAM PAVEMENT 
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Asphalt Premixed Surface Course. 
Asphalt Tack Coat. 

Asphalt Prime Coat. 

4,” Waterbound Macadam Second Base Widening. 
4,” Waterbound Macadam First Base Widening. 
1” Insulation Course. 


facing should be spread in two layers. The coat. Properly designed and constructed 
cost of placement in multiple layers is hot-mix asphaltic concrete, being dense 
litt'e, if any, more than placing all at one and waterproof, does not require a seal 
time, while the advantages of the multi- coat. However, and especially with very 
layer method are many. Even with the coarse graded mixtures, there is occasion- 
placement of a good levelling course, and 
pavement is may produce so-called shadow spots when 
usually irregular, so that it is not possible a pavement is drying off after a rain. These 
can be eliminated, and a uniform texture 
appearance secured, by applying approxi- 
mately four pounds per square yard of pre- 
coated sand between the initial and final 
rolling. The precoated sand should be a 
lean mix (not over 3% asphalt cement) 
and should be distributed so as to fill only 
surface voids, and not make a layer over 


ally some segregation of aggregate which 
careful patching, an old 
to take out all of the unevenness in one 
spreading operation. Moreover, with sev- 
eral layers it is possible to stagger the 
spreads in such a way that the longitudinal 
joint does not extend through the resurfac- 
ing, hence permitting a better appearance, 
as well as insuring a completely water- 
proof condition. 


Finally, there is the question of seal the entire pavement. 














With headquarters at 431 Main 
Street in Cincinnati, Albert H. Hinkle 
extends the Institute’s engineering fa- 
cilities for the promotion of asphalt 
throughout the states of Ohio, Indiana, 
Michigan, Kentucky, and West Vir- 
ginia. 

Now the senior engineer in years 
of service on the Institute’s district 
engineering staff. Mr. Hinkle’s long 
career, following graduation from 
Ohio State University in 1907, includes 
forty-three years of experience in high- 
way engineering work in various states 
of his present district. In both Ohio 
and Indiana he organized the Division 
of Maintenance of the State Highway 
Departments. In Kentucky, for the 
Rock Asphalt Institute, he conducted 
research and served as Consulting En- 
gineer and Director. 

A basic contribution to the tech- 


GEORGE H. DENT 


From his office in the Mills Build- 
ing in Washington, George H. Dent 
directs local Institute engineering ac- 
tivities throughout the states of Penn- 
sylvania, Delaware, Maryland, Vir- 
ginia, North Carolina and the District 
of Columbia. 

Mr. Dent is second omiy to Mc. 
Hinkle in years of service as a District 
Engineer of the Institute. An alumnus 
of the University of Maryland, in that 
state he served with the State Roads 
Commission successively as Materials 
Engineer and Bituminous Engineer; 
and then, just prior to coming with 
the Institute, as Paving Engineer for 
the Civil Aeronautics Administration. 

An outstanding contribution by Mr. 
Dent to the highway building indus- 
try was Maryland’s Mobile Soils Lab- 


ALBERT H. HINKLE 





nique of road maintenance was the 
pioneer, 
Manual, written by Mr. Hinkle and 
published by the State Highway De- 
partment of Ohio in 1919, entitled: 
“Maintenance and Repair of High- 
In 1924, when the selecting 


thoroughly 


comprehensive 


ways.” 
and marking of a national system of 
highways was just in its formative 
stage, Mr. Hinkle’s State Highway 
Officials’ Conference paper, entitled: 
“How Shall Interstate Highways Be 
Named and Marked,” proposed many 
of the suggestions adopted. 


Mr. Hinkle is a member of the 
American Society of Civil Engineers, 
the Association of Asphalt Paving 
Technologists, the Society of American 
Military Engineers, the Ohio Society 
of Professional Engineers, and the En- 
gineering Society of Cincinnati. 


oratory, devised in 1938. This portable 
laboratory made possible, within an 
hour, completion of tests that would 
have consumed at least two days if 
samples had to be submitted to the 
main laboratory. In practice this has 
developed a degree of efficiency sel- 
dom found in materials testing and 
been adopted not only in a number of 
other states but also by the Bureau of 
Public Roads. 

Mr. Dent is a member of the High- 
way Research Board (Associate), the 
American Society for Testing Mate- 
rials, the Association of Asphalt Pav- 
ing Technologists, the Society of 
American Military Engineers, the Na- 
tional Society of Professional Engi- 
neers, and the 
Baltimore. 


Engineer Club of 
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